9.0 STATISTICAL ANALYSIS OF QUALITY CONTROL DATA

To assure that the sanpling and anal ytical protocols
enpl oyed in the CAP Study were produci ng data of sufficient
quality, a nunber of different quality control (QC) sanples were
included in the study design. The intended purpose of each QC
sanpl e varied, but each sanple type belonged to one of three
cat egori es:

1. Field QC Sanples, originating in the field, that assess
the quality of the sanple collection procedures;

2. Sanpl e Preparation QC Sanples, originating in the
sanpl e preparation | aboratory, which exam ne the
preparation of field sanples for analysis, and;

3. I nstrunental Anal ysis QC Sanpl es, produced in the
i nstrunment anal ysis | aboratory, that evaluate the
guantitative analysis of the sanples.

These individual categories reflect distinct goals of the QC

anal ysis, and separate steps in the collection and analysis of a
sanple. Froma statistical analysis perspective, however, the QC
sanpl es may be partitioned sonewhat differently. This
partitioning reflects the nature of the paraneter considered when
assessing a particular QC neasure. Specifically, the QC sanples
are partitioned analytically into three groups: (1) blank
sanples, (2) recovery sanples, and (3) duplicate sanples. Table
9-1 below is helpful in considering these two approaches to
categorizing the QC results. Each type of QC sanple enployed in
the CAP Study is identified within a particular cell of the
table. For exanple, spiked sanples were anal yzed as recovery
sanples, but their results address the quality of the sanple
preparation procedures. A total of ten QC neasures were

enpl oyed. Detailed results of the statistical analyses perforned
on these QC neasures are reported in the sections that follow by
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anal ysis category. Wthin each category, the inplications of the
results to each procedure step are discussed.
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Table 9-1. QC Sample Categorization Matrix

Field Sanpl e Preparation | nst runent Anal ysi s
Q Q Q

Bl ank  trip blanks  nethod bl anks e calibration
Sanpl es « field blanks bl anks
Recovery » spikes * interferant
Sanpl es  blind reference check standards

material s e calibration
verifications

Duplicate * side-by-sides » spiked duplicates
Sanpl es

As an overall summary, the follow ng conclusions may be
drawn regardi ng the QC sanpl es:

1. Anal ysis of the blank sanples suggests little if any
procedural contam nation. The mgjority of blanks were
measured with a | ead content bel ow the instrunental
| evel of detection.

2. Despite sonme procedural problens in their creation and
analysis, the results for the recovery sanples indicate
very good net hod perfornance.

3. Spi ked duplicate sanples created in the | aboratory
exhi bited very good agreenent. Side-by-side field
sanpl es, on the other hand, suggest significant
variability in field sanpling. Geater inherent
variation was seen in dust sanples than in soi
sanpl es.

4. There is no significant evidence of a tinme-based trend
in any of the QC sanples.

9.1 BLANK SAMPLES
Bl ank sanpl es are expected, by the nature of their

collection and preparation, to contain very little or no | ead.

In the CAP Study, four types of blank sanples were anal yzed:

trip blanks, field blanks, method bl anks, and calibration bl anks.
For all but the trip blanks, the paraneter of interest was the
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anount of |ead (pg) neasured for the sanple (lead content). For
the trip blanks and also for the field blanks, the net weight (Qg)
of the sanple was al so exam ned. Evidence of a significant
anount of lead in a blank sanple woul d suggest a bias in the
results for the regular field sanples. As was the case for the
regular field data, the | ead content of the blanks was assuned to
follow a | ognormal distribution. The anounts, therefore, were

| og-transfornmed before statistical analysis.

9.1.1 Field Quality Control
Trip blanks are vacuum dust cassettes that are weighed in

the gravinmetric | aboratory before and after being transported to
the field. They are simlar to field blanks, except they are not
exposed to the field environment. Trip bl anks provide
information on the sanple weight variability resulting from
gravinetric | aboratory activities in the absence of field
handling. Used in conbination with the field blank net weight
data, they provide a neans of determning the error contribution
fromthe gravinmetric | aboratory should the net weight data from
the field bl anks show an unusual result. Accordingly, no |ead
anal ysis was perfornmed on trip blanks. One trip blank was
generated for each housing unit by selecting, at random one
vacuum dust cassette fromall unused cassettes transported to the
field.

Descriptive statistics for the net weights nmeasured for both
trip and field blanks fromthe CAP Pilot and CAP Studies are
presented in Table 9-2. The nunber of sanples, arithnetic nean,
standard devi ati on, m ni nrum and maxi nrum net wei ghts are
presented. Net weight data fromtrip blanks indicate that
gravinetric | aboratory processing resulted in a nmean net wei ght
gain of 3.5 ng. This gain is about twce as |large as that
observed during the Pilot study which had a nmean net wei ght gain
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of 1.8 mg. The weight difference between the CAP Study and CAP
Pilot Study can be attributed, in part, to protocol changes nade
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Table 9-2. Net Weight Results for Trip and Field Blanks
CAP Pi |l ot Study CAP St udy
Statistic . . . .
Trip Field Trip Field
Bl anks Bl anks Bl anks Bl anks
Nunber of 54 9 51* 52
Sanpl es
Net Wei ght Mean 1.8 2.4 3.5 0.4
(m)
Net Wei ght 0.3 0.5 1.2 3.0
St andard
Devi ati on (ng)
M ni mum Net 1.1 1.4 0.2 -6.3
Wei ght (ng)
Maxi mum Net 2.6 3.0 5.1 5.2
Wei ght ()

* Excluding one sanple identified as an outlier.

in gravinmetric processing. The clearance criterion for the
determ nation of cassette stability was increased fromz+ 1 ng to
+ 2 ng. This change was nade to reduce the excessive
equilibration time required during the pilot study. It was
anticipated that the resulting | osses in accuracy at | ow sanple
wei ghts woul d be offset by the increased collection efficiency of
| ndeed, the
summary in Table 2-1 of the anmount of dust collected suggests

the sanpling systemused for dust sanple collection.

that the anount of collected dust was sufficiently large to
override the weight gain bias resulting fromgravinetric
| abor at ory processing.

Field blanks are identical to regular field sanples, except
that no sanple is actually collected. Field blanks provide
informati on on the extent of |ead contam nation experienced by
field sanples resulting froma conbination of |aboratory
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processing and field handling. |In addition, field blanks for
cassettes provide information on the sanple weight variability
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resulting fromthe conbination of gravinmetric |aboratory
activities and field handling. Field blanks for vacuum dust,
w pe dust (abated houses only), and soil cores were collected for
each housing unit.

Fi el d bl anks, as opposed to trip blanks, better represent
t he handl i ng experienced by field sanples. Any adjustnents to
wei ght data, if required, are best based on field bl ank net
wei ght data. As shown in Table 2-1, the nean wei ghts of
coll ected dust for field sanples are considerably |larger than the
mean net weight of 0.4 ng neasured for the field blanks shown in
Table 9-2. No adjustnents were nade, therefore, to field sanple
wei ghts of vacuum dust cassettes for the calculation of |ead
concentration (upg/g) values or |lead |oading (pg/ft? val ues.

Mean net wei ghts between the trip and field blanks for the
CAP Pilot were relatively close as indicated in Table 9-2.
However, nean net weights between the trip and field blanks for
the CAP Study differ nore considerably. The CAP Study data inply
that field handling produces a weight reduction in the vacuum
dust cassettes. The change between the CAP Pil ot and CAP Study
data is suspected to be related to a conbination of tw factors:
the protocol changes made in gravinetric processing di scussed
earlier, and the lack of humdity at the sanpling site.

Handl ing of field blanks exposes the cassettes to the
at nosphere at the field site. The procedure for collecting field
bl anks included the follow ng steps: renove the cassette from
the seal ed plastic bags, open the cassette casing, insert it into
the cycl one sanpler, renove it fromthe sanpler, close the
cassette casing, and replace the cassette into the sealed plastic
bags used for transport. Trip blanks were not renoved fromtheir
seal ed plastic bags in the field. The collection site was in an
area known for low humdity; Denver has a dry climate. Wen
opened in a low humdity environnent, field bl anks woul d be
expected to | ose water (and wei ght) absorbed during equilibration
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in the gravinetric laboratory. It is suspected that the change
in gravinmetric clearance criterion did not permt sufficient
equilibration tinme in the gravinmetric |aboratory to allow the
cassettes to gain back all the weight [ost during their exposure
to the low humdity field environment. This would account for
t he observed net weight difference between the field and trip
bl anks. Gravinmetric records were reviewed for data to support
this supposition. However, no weights were recorded for the
first 72 hours after vacuum dust cassettes were placed into the
gravinetric | aboratory (standard equilibration) and there exi st
no field humdity data. There are insufficient data avail abl e,
as aresult, to either discount or support the protocol change
and humdity effect explanation.

Field bl ank sanples al so were neasured for |ead content. A
summary of the field blank | ead content results (and in fact, of
all the QCresults) is presented in Table 9-3. The descriptive
statistics reported include the nunber of sanples, nunber above
the instrunental detection Iimt (I1DL), m ninmmand maxi num
When possible, the geonetric nmean and | ogarithm c standard
deviation for the anount of |ead per sanple are presented. A 95%
upper confidence bound on the 95th percentile for lead content is
al so provided. For the sake of sinplicity, this bound wll be
referred to as the estimated 95%tol erance bound. These
cal cul ati ons were possible only when a sufficient nunber of
results were above the |DL.

If all results were above the IDL, calculation of the
geonetric nean and | ogarithm c standard devi ati on was routi ne,
and the estimated 95%t ol erance bound was determ ned using an
exact procedure for lognormal distributions. |In cases where a
portion of the results were below the IDL, statistical procedures
whi ch recogni ze these data as censored val ues were used to
estimate the geonetric nean and |logarithm c standard devi ati on.
A lognormal nodel was fitted to the data and its paraneters
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estimated. The SAS procedure LI FEREG was utilized in obtaining
these estimates. LIFEREG maxi m zes the | og-1ikelihood function
via a ridge stabilized New on- Raphson al gorithm thereby
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Table 9-3.

Results of Quality Control Analyses

measured above the IDL.

Lower Upper
Quality Control Parameter # of Samples* Geometric Log Standard Tolerance Tolerance
Measure Considered Minimum Maximum Mean Deviation Bound?® Bound?®
Field Vacuum 52 (6) 0.344 2.682 0.228 1.059 2.006
Blanks Wipe Amount (ug) 34 (1) 2.723 35.445 na na na
Soil 51 (4) 1.198 35.638 0.067 2.387 9.162
Method Vacuum 48 (13) 0.468 20.681 0.414 1.135 4.369
Blanks Wipe Amount (ug) 6 (1) 2.723 3.975 na na na
Soil 22 (1) 1.276 3.297 na na na
Calibration Blanks Amount (ug) 431 (33) 0.0004 0.068 0.007 0.956 0.041
Blind | 38 0.851 1.231 1.016 0.088 0.841 1.227
References I % Recovery 37 0.344 1.749 1.109 0.274 0.615 1.999
I 37 0.229 1.131 0.881 0.316 0.447 1.736
ICS % Recovery 144 0.997 1.2112 1.060 0.035 0.993 1.131
Calibration Verifications % Recovery 274 0.962 1.058 1.014 0.016 0.986 1.043
Spikes Vacuum 96 0.930 1.428 1.030 0.068 0.904 1.174
Wipe % Recovery 12 0.862 1.000 0.926 0.044 0.820 1.044
Soil 44 0.733 1.309 0.981 0.098 0.799 1.205
Spiked Vacuum 48 1.000 1.094 1.031 0.039 1.068
Duplicates Wipe Ratio 6 1.001 1.151 1.063 0.080 1.238
Soil 22 1.001 1.308 1.081 0.109 1.227
Side-by-Sides Vacuum Ratio (loading) 52 1.027 40.381 2.334 1.110 6.403
Vacuum Ratio (conc.) 52 1.022 81.101 2.071 1.129 6.605
Soil Ratio (conc.) 51 1.004 4.569 1.296 0.399 1.951
Censored Analysis

The number of samples measured above the instrumental detection limit (IDL) is enclosed in parentheses. If there is no number in parentheses, all samples were

This value represents an extra ICS analyzed in the middle of an analysis run from an instrument analysis batch containing no field samples. This batch contained

only re-runs of SRM No. 1646 under the conditions described in Section 9.2.1. The next highest ICS, 1.182, was also measured in the same analysis batch.

confidence bound on the 95th percentile. Where both are provided, combined they represent a 90 percent tolerance interval.

na - The statistic could not be calculated due to the large number of censored samples.

The lower tolerance bound represents a lower 95 percent confidence bound on the 5th percentile; the upper tolerance bound represents on upper 95 percent




provi di ng maxi mum | i kel i hood estimates of the | og nmean and | og
standard deviation. Further, an approxi mate procedure was used
to calculate the estimted 95%tol erance bound. The

“approxi mte” nature of this statistical procedure was in

enpl oying the “censor” estimates for |og nean and | og standard
deviation in calculating a traditional 95%tol erance bound.
Since this procedure did not include an adjustnent to the bounds
reflecting censored data, the estimted tol erance bound is
appr oxi mat e.

The data for field blank sanples, and ot her bl ank sanpl es,
are illustrated in Figure 9-1. The anmount of lead (pg) found in
each bl ank sanple is plotted by sanple type. Different plotting
synbols are used to indicate whether the result was above the |DL
or below, in which case the detection limt is plotted. 1In those
i nstances where an estimted tol erance could be cal cul ated, the
estimated 95% tol erance bound is illustrated in the figure by a
bar which has the bound as its upper val ue.

Most of the field blanks generated for each sanple type were
below the IDL: nore than 88% of the vacuum dust sanples were, as
well as nore than 97% of the w pe dust sanples, and nore than 92%
of the soil sanples. No field blank result exceeded five tines
the average | DL neasured during the analysis activities (0.037 pug
of lead per nL). GCeonetric neans for all three sanple types are
less than this IDL nean. These data suggest that no | ead
contam nation occurred during field sanple activities.

9.1.2 Sample Prep Quality Control

Met hod bl anks are bl ank sanpl es generated in the | aboratory
during sanple preparation activities. They are processed in a
manner identical to field sanples except that no sanple materi al
or sanple nediumis present in the container used for sanple
di gestion. Method bl anks provide informati on on the potenti al
| ead contam nation experienced by field sanples resulting solely
froml aboratory processing. Method bl anks were generated at a
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frequency of two sanples per batch of approximtely 40 field
sanpl es.

A sunmmary of the nethod blank results is presented in Table
9-3 and presented graphically in Figure 9-1. These results were
obt ai ned using the sanme procedures outlined for field blanks.
Al nmethod bl ank data net the data quality objective of |ead
levels less than 10 tines the IDL. Most of the nethod bl anks
generated for each sanple type were below the IDL: 72% of the
vacuum dust sanples, 83% of the w pe dust sanples, and 95% of the
soil sanples. |In fact, a geonetric nean, |og standard deviation,
and approxi mate 95%t ol erance bound could only be cal cul ated for
t he vacuum cassettes. Only one nethod bl ank result exceeded
five times the average | DL neasured during the analysis
activities (0.037 pg of lead per nL). This nmethod bl ank was one
of two in a sanple preparation batch which contained only high
sanpl e wei ght vacuum dust sanples with a mninumfield sanple
wei ght of 4 grans each. This method blank, with a neasured | ead
| evel near six tinmes the instrunental detection limt, was
insignificant with respect to the lead levels within the batch
The ot her method blank in this high sanple wei ght batch was |ess
than the IDL. These data indicate no | ead contam nation occurred
during | aboratory processing of field sanples.

9.1.3 Instrumental Analysis Quality Control

Cal i bration bl anks were analyzed along with field sanples to
assure adequate instrunent performance during | ead
determ nations. They are useful in assessing any changes in
i nstrument performance which may affect the estinmated | ead
concentrations reported for regular field sanples. Descriptive
statistics summari zing the results for calibration blanks are
presented in Table 9-3. The individual results and their
approxi mate 95%tol erance bound are portrayed in Figure 9-1. As
with the field blank results, the geonetric nmean, |og standard
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devi ation, and approxi mate 95%t ol erance bound are adjusted to
reflect the censored nature of many of the results. Geater than
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92% of the calibration blanks, which included both initial and
continuing calibration blanks, were below the IDL. The maxi mum

| ead concentration neasured for any calibration blank was | ess
than two tinmes the average IDL for all instrunental analysis runs
(0.037 pug of lead per nL). Their geonetric nmean was wel |l bel ow
the average IDL. These results suggest that the field sanple
results are free fromany significant bias caused by carryover

9.2 RECOVERY SAMPLES
Recovery sanples are prepared to contain a known total

anount of |ead or to have had a known anount of |ead added
(spi ked). Four types of recovery sanples were incorporated into
the design of the CAP Study: blind reference material sanples,
spi ked sanples, calibration verification sanples, and interferant
check standards (ICS). The paraneter of interest was the ratio
of the anobunt of |ead neasured for the sanple (lead content) to
the known anount of lead in the sanple. This ratio should be
approxi mately one, and when nmultiplied by 100 is commonly
referred to as the percent recovery. Percent recovery val ues
over 100% i ndi cate a neasured val ue exceedi ng the known anmount of
lead in the sanple and val ues under 100% i ndi cate a neasured
val ue bel ow t he known amount. Spiked soil sanples were slightly
different in that the spi ke was added to a sanpl e al ready
contai ni ng a neasureabl e anount of |ead. The percent recovery
value is assuned to follow a |lognormal distribution. |If the
geonetric nean of the | ognormal distribution is 100% this is an
indication that lead is over-recovered half the tinme and under-
recovered half the tine.

Normal ly, there is a difference between blind reference
mat eri al sanpl es and spi ked sanples. Blind reference sanples are
created by adding a known anount of lead to a blank sanple, while
spi ked sanples are created by adding a known anmount of lead to a
split field sanple. These procedures were utilized with the soi
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sanples. In the case of dust sanples, blank cassettes and cl ean
w pes were used for the blind reference material sanples and for
t he spi ked sanples, and there were no split dust sanples invol ved
in the creation of the spiked dust sanples. Split dust sanples
were not attenpted because of the difficulty in dividing dust
sanpl es in a honogenous manner. Hence, the sanples | abelled as
dust spi ked sanples were nade the sane way as the sanpl es

| abel l ed as dust blind reference material sanples. Spiked
sanples and blind reference sanples were inserted into the batch
processing streamto nonitor the performance of the chem ca

anal ysi s.

9.2.1 Sample Preparation Quality Control

Spi ked sanpl es were bl ank sanples or regular field soi
sanples fortified with known levels of lead prior to sanple
preparation activities, and processed in a nmanner identical to
field sanples. They provided | ead recovery information for
assessing the accuracy and precision of field sanple data through
sanpl e preparation and analysis activities. Spiked sanples were
generated at a frequency of four (two spikes and two spiked
duplicates) per batch of approximately 40 field sanples.

As is noted earlier, spiked soil sanples were prepared and
anal yzed sonmewhat differently fromvacuum and w pe dust spikes.
Wher eas spi ked cassette and w pe sanpl es invol ved spi king a known
anount of lead into a blank, spiked soil sanples were created by
spi king a regular soil sanple with a known anount of |ead. For
cassette and w pe spikes, the ratio of neasured anmount to known
spi ki ng anount was consi dered (percent recovery). However, since
a soil spi ke sanple already contained sone |ead, a different
cal cul ation of percent recovery was required. Specifically, the
spi ked soil percent recovery was determ ned as,
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measured pg lead measured pg lead

for spiked sample for unspiked sample
pg lead for spike

* 100.

Use of spike data to assess the accuracy and precision
achieved for field sanples is partially dependent on the matrix
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mat chi ng between the QC sanple and field sanple. This is because
data generated froma given anal ytical processing schene are
generally matrix sensitive. 1In the case of soil sanples, the
matri x matchi ng was very good, because unspi ked and spi ked
sanpl es were generated fromsplits of honbgeni zed soil sanpl es.
Spi ked sanpl e data for soils, therefore, were expected to closely
mmc that of the field sanples. However, as noted earlier,

bl ank cassettes and wi pes were used for the unspi ked and spi ked
sanples for dust. As a result, the spiked sanple QC data for
dust sanples nmay be | ess useful than the spiked sanple QC data
generated for soils. Still, the spiked sanple QC data do provide
an adequate neasure of the degree of successful execution of the
anal yti cal nethodol ogy. The sanple preparation and anal ysis

nmet hodol ogy is procedurally very simlar to nethods commonly used
and verified successfully for many different types of

envi ronnent al sanples. The spi ked sanple QC data for dust
sanpl es generated during this project are still useful in
estimating of precision and accuracy for field sanples.

A summary of the spiked sanple results is presented in Table
9-3. Descriptive statistics presented include the nunber of
sanpl es, m nimum nmaxi num geonetric nmean, and | og standard
deviation. |In addition, an estimated central 90%tol erance
interval was cal cul ated using an exact procedure for | ognormal
data. This interval was derived froma 95% upper confidence
bound on the 95th percentile and a 95% | ower confi dence bound on
the 5th percentile. Performance-Control charts show ng
i ndi vi dual spiked sanple recovery data are shown for each sanple
type in Figures D1, D2, and D3 of Appendi x D.

The data for all recovery sanples, including the spiked
sanples, are illustrated in Figure 9-2. The individual percent
recovery results for each type of recovery sanple are plotted.
The estimated central 90%tol erance interval is presented in the
figure by a bar extending fromthe | ower confidence bound on the
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5th percentile to the upper confidence bound on the 95th
percentile.
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Spi ked sanpl e recoveries for all but four data points net
the data quality objectives of accuracy of £20% fromthe true
spi ked value. Three of these four points were the result of a
spiking error. Specifically, the sanples were spiked 10 tines
| ess than planned. This error produced neasurenents approachi ng
both the I DL and background | ead | evels detected in
bl ankcassettes used in the generation of the spiked sanpl es.
Accurate determ nation of spike recoveries under such conditions
is difficult and is not anticipated to be reflective of
performance related to field sanples. The other data point (soi
sanple) was only slightly outside the data quality objective
(130.9% . Geonetric neans for all three sanple types are within
+10% of the true spiked anobunt. The estimted tol erance
intervals for all three media contain 100% or conpl ete recovery.
These data inply that accuracy for field sanples was good and
well within data quality objectives.

Blind reference material sanples were generated by placing
known quantities of N ST standard reference materials (SRMs) into
bl ank sanples and inserting theminto the sanple batches in a
bl i nd manner prior to sanple preparation activities. These
reference materials were processed by the | aboratory in the sanme
way as the field sanples. Their results provide | ead recovery
information that can be used as an assessnent of accuracy of
field sanpl e data as determ ned by sanple preparation and
anal ysis activities. The blind nature of the insertion into the
sanpl e processing stream hel ped provi de QC data unbi ased by
| aboratory activities. Blind reference materials were generated
at a frequency of two (one each of two different material s) per
batch of approximately 40 field sanples.

As was discussed for the spiked QC sanples earlier, matrix
mat ching is an inportant determ nant of the useful ness of QC
sanpl es in assessing the accuracy achieved for regular field
sanples. In general, reference materials are included in an
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anal ysis schene to hel p provide higher confidence in the accuracy
of field sanple data than can be obtained using only spiked
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sanples. Unfortunately when this study was initiated, no

sui tabl e dust or soil SRMs were available. Two SRV were chosen
as the best avail able approximations to the anticipated matrices
of the field sanples. The matching was achieved with respect to
general matrix conponents and anticipated | ead | evels. These
were NI ST SRM No. 2704 Buffalo River Sedinment and NI ST SRM No.
1646 Estuarine Sedinment. Gven the limtations of the matrix
mat ch, some caution is appropriate in extending the accuracy
results of these reference materials. These data, conbined with
the spiked results, still do provide reasonabl e confidence that
anal yti cal nethodol ogies were carried out as planned.

Per f ormance- Control charts, show ng the percent recovery of
lead fromthe two blind reference materials, are shown for each
sanple type in Figures D4, D5, and D-6. Blind reference
mat erial recoveries for NIST SRM No. 2704 net the data quality
obj ectives for accuracy of £30% fromthe true spi ked val ue.
Recoveries for NIST SRM No. 1646, however, were sporadic. Eight
of 37 data points were outside data quality objectives.
| nvestigation into these recovery probl ens suggested they were
related to corrections for spectral interferences during instru-
ment al anal ysi s neasurenents. SRM No. 1646 has a | ow | ead
concentration (28.2 pg/g) conbined wth high | evels of other
metals such as iron. The iron-to-lead ratio is over 1000 to 1
In order to correct for potential iron interferences, the anal yst
conducting the instrunental neasurenments nust perform serial
dilution of all digests to get iron levels within the calibration
range of the ICP instrunment. For field sanples, extra dilutions
were rarely needed, which indicates limts to the ability of SRM
No. 1646 to mimc field sanple matrices. For the blind SRM No.
1646 reference materials, extra dilution was always required.
This extra dilution pushed the neasurable |lead | evel down to
within a fewnultiples of the instrunental detection limt where
measur enent variance increases relative to digests with higher
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concentrations of lead. The result of these extra dilutions were
the sporadically poor recoveries seen for SRM No. 1646.

The sporadic recoveries for SRM No. 1646 were verified by
reanal yzing the original digests using the | CP-AES reconfigured
to extend the linear range of the instrunment for detecting iron.
In this way the extra dilution requirenent was avoided. The
results of the nmeasurenents are plotted as the DF=1 data points
in the Performance-Control charts shown. Using the reconfigured
instrunment, all but two blind reference material recoveries for
NI ST SRM No. 1646 net the data quality objectives of accuracy of
+30% fromthe true spi ked value. The renmaining two points were
associated with extra high wei ght sanple batches that required a
sanpl e preparation protocol change. The change resulted in a
four-fold increase in final digestion volune. The increase, in
turn, reduced lead |levels to values close to the |IDL.

Blind reference material results, shown in Table 9-3, are
partitioned into three groups dependi ng upon the standard
reference material used. Results for SRM No. 2704 are identified
as Goup I, while the original analysis results for SRM No. 1646

are identified as Goup Il. The results of the reanal ysis of SRM
No. 1646 (data points plotted in the figures as DF=1) are
identified as group Ill. These results are illustrated in Figure

9-2. The geonetric means were within +12% of the N ST certified
value. The estimated central 90%tol erance intervals all contain
100% recovery. Even with the matrix match limtations for these
SRVs, these data inply that accuracy for field sanples was good
and well within data quality objectives.

9.2.2 Instrumental Analysis Quality Control

Calibration verification sanples were analyzed along with
field sanples during instrunmental measurenent activities to
verify calibration standard |evels and nonitor drift of
i nstrunment response. A summary of lead results for calibration
verification sanples is shown in Table 9-3 and Figure 9-2. These
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statistics are cal cul ated using the sane procedures described for
spi ked sanples. Al calibration verification results nmet design
specifications. In addition, the estimted central 90%tol erance
interval is narrow and contains 100% It seens reasonable to
conclude that the field sanple results are free from any
significant bias caused by instrumental drift.

Interference check standards (I CS) were used to verify
accurate anal yte response in the presence of possible spectral
interferences fromother analytes present in the sanple. A
summary of lead results for ICSis available in Table 9-3 and
Figure 9-2. As with the calibration verifications, the estimted
central 90% tol erance interval is remarkably narrow and contains
100% There is no evidence of any significant bias in the
regular field sanple results caused by comonly encountered
i nterferences.

9.3 DUPLICATE SAMPLES
Duplicate sanples are expected to be have simlar |ead

content either because they were collected side-by-side in the
field or because they were created to be conparable in the

| aboratory. In both cases, such sanples were anal yzed one after
the other in the sane anal ytical batch. The analytical result of
interest for each pair of duplicate sanples was the ratio of the
| arger neasured lead result to the smaller neasured |lead result.
This ratio has a m ni mumvalue of one. The |log of this ratio was
assunmed to follow the absolute value of a normal distribution
with nmean zero and standard deviation F. In the CAP Study, two
types of duplicate sanples were exam ned: side-by-side sanples
collected in the field, and spi ked duplicate sanples created in
the sanpl e preparation | aboratory.

9.3.1 Field Quality Control
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Si de- by-sides were included to determne variability due to
t he sanpl e collection process; however, this source of
variability wll also be confounded wth short-scale variations
attributable to nearby sanpling |locations within a roomor |ocal
sanpling area. Side-by-sides were collected for dust vacuum and
soil core sanples. A pair of dust and soil duplicates were
col |l ected at each housing unit surveyed.

Tabl e 9-3 reports descriptive statistics for the side-by-
side sanples. The statistics presented are the nunber of sanples
collected, mninumratio, maxinumrati o, geonetric nean ratio,
and | og standard deviation. An estimted 95%tol erance bound was
al so cal cul ated, using an exact procedure for the distribution
assuned for the log transforned ratio.

The side-by-side results are illustrated in Figure 9-3. The
ratio for each pair of sanples is plotted by sanple type. The
estimated 95% tol erance bound is portrayed in the figure by a bar
extending froma value of one up to the tol erance bound.

The soil side-by-sides exhibit better agreenment than the
vacuum dust pairs. Their geonetric nmean was approxi mately 40%
smal ler than that for the paired dust vacuum | ead concentrations.
The inherent variability between field sanples, however, is
evident in these results. Despite being collected side-by-side,
a nunber of the pairs were neasured to have very different |ead
contents. This disparity is reflected in the higher ratios and
relatively large estinmated tol erance bounds.

9.3.2 Sample Preparation Quality Control

Spi ked duplicate sanples originate in the sanple preparation
| aboratory and are developed with identical |ead content. Each
pair is derived fromtwo identical spiked sanples. The spiked
sanple results are presented in Section 9.2.1 where a nore
detail ed presentation of their devel opnent is available. Spiked
duplicates were generated at a frequency of two pair (two spikes
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and two spi ked duplicates) per batch of approximately 40 field sanples.
A summary of the spiked duplicate sanple results is

presented in Table 9-3. This summary is portrayed graphically in

Figure 9-3. The descriptive statistics are the sanme as those

devel oped for the field side-by-side sanples. Performance-4
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Control charts showi ng the range of spi ked sanple and spi ked
sanpl e duplicate pairs are shown for each sanple type in Figures
D7, D8, and D-9.

The range of spiked duplicate percent recoveries were
tighter for dust sanples than for soil sanples. This is not
surprising given the sanpling protocol. Recall that spiked
bl anks were enpl oyed for dusts, since cassettes and w pes coul d
not be split honbgeneously, and regular field sanple splits were
utilized for soils (see Section 9.2.1). The ranges observed for
soils inmply that the 0.5 gram nom nal sanpl e wei ght used for
sanpl e preparation may not be sufficient to overcone sone
het erogeneity apparently still present in the dried, sieved, and
honogeni zed soil sanples used for analysis. Figure D9 shows
that the range for four of the spiked duplicate soil sanple pairs
was above the control limt. Still, the geonetric neans are
close to one and the estimted 95%tol erance bounds are not
unreasonably large. The results do suggest good agreenent
bet ween the spi ked duplicate sanples.

9.4 TIME TREND ANALYSES
The extensive sanples collected in the CAP Study required

| aborat ory anal yses whi ch spanned several nonths. One natural
question, therefore, was whether any trend across tine was
apparent in the sanples. Specifically, is there a tine-based
bias in the sanpling results? The QC sanples, expected to
denonstrate consistent sanpling results, are ideal for this
exam nation

The individual results for each of the QC neasures outlined
above were plotted using a common franme of reference. Each QC
sanple was plotted according to the instrunment analysis batch it
was included in, and its run nunber within that batch. The
i nstrunment batches were ordered based on the tinme they were
processed. For each QC sanple type, the appropriate paraneter
was displayed for the individual results. The neasured anount of
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|l ead (pg), for exanple, was displayed for the 52 vacuum dust
field blank results.

An exam nation of these plots suggested no evidence of tine
trends, except for the soil field blank and nethod bl ank results.
Recall that nore than 92% of the soil field blank results were
censored, as were 95%of the soil nethod blanks. In the results,
censored sanples are set equal to the instrunental detection
limt. Furthernore, these bl anks were all anal yzed using the
sanme dilution factor (50 nL). Their apparent tinme trends were
determ ned, therefore, to be a function of the IDLs for the
i nstrunment batches containing the soil sanples. Figure 9-4
presents the available IDL results for each instrunment batch
Those bat ches which included soil sanples are identified as
circles. Note that they do exhibit an apparent quadratic trend
across time. The IDLs considered as a whole, in contrast, show
no evidence of a trend. To assess the significance of the
apparent trend in the soil IDLs, quadratic equations were fit to
all the IDLs and only to those including soil sanples. The two
resulting fits were not significantly different (p=0.13). Gven
t he apparent randomess exhibited by the IDLs, there is no
evidence of atinme trend in the soil field or nmethod bl ank
results.
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